Introduction
Two major historical periods have introduced profound changes in human diet and other lifestyle factors. The introduction of agriculture and animal husbandry in the neolithic period (B10 000 years ago) and more recently the industrial revolution (B200 years ago) have led to an increased consumption of certain foods (for example, dairy products, cereals and cereal products, refined sugars, vegetable oils, salt) and of a myriad of processed foods that were virtually absent from pre-agricultural hunter-gatherer diets (Eaton et al., 1997; Cordain et al., 2005; Eaton, 2006) . The substitution of unprocessed or modestly processed foods by more complex, refined (highly processed) foodstuffs may have affected several metabolic and nutritional characteristics of ancestral human diets that had remained unchanged over millions of years (for example, glycaemic load, fatty acid composition, macronutrient composition, micronutrient density, acid-base balance, sodium-potassium ratio and fibre content) (Cordain et al., 2005) . The inability to adapt genetically to these recent changes is hypothesized to be one of the possible explanations for the increased incidence of obesity and chronic diseases (for example, type 2 diabetes, cardiovascular disease, cancer) from the mid twentieth century onwards (Eaton and Konner, 1985; Tooby and Cosmides, 1990; Kious, 2002; Cordain et al., 2005; Ulijaszek, 2007) .
The development of intensive food production and industrialization was started in the eighteenth century in Europe and in the United States. The first objectives were to provide reliable food supplies, to improve microbiological quality and to devise means of preserving fresh and perishable foods. This was obtained through increasingly sophisticated preservation and processing techniques that changed food structure, nutritional content, texture and taste. These processing technologies varied according to food types, and involved packaging, moisture removal, heat treatments, chilling and freezing, acidity control, chemical additives and irradiation (Karmas and Harris, 1988) . New and complex food products that combined natural and artificial ingredients, including additives, thus became widely available. Sugars, salt and fats, available at a relatively low cost, were also extensively used for preservation purposes, to make foods more palatable or as convenient ingredients to prevent rancidity and improve texture (for example, hydrogenated fats and margarine in cakes, biscuits and bakery products) (van . In the first instance, these urban-industrialized food systems helped to improve life conditions and life expectancy and, with the increasing availability of elaborate ready-to-eat foods and dishes, responded to time scarcity in food preparation and cooking (Jabs and Devine, 2006) . Since the mid twentieth century, however, a growing body of scientific evidence suggests that increased consumption of industrialized foods increases the risk of various chronic diseases (WHO/FAO, 2003; Schulze et al., 2004; Cordain et al., 2005; Mozaffarian et al., 2006; Pomerleau et al., 2006; Ulijaszek, 2007; WCRF/ AICR, 2007) .
Although several characteristics of urban-industrialized food systems have been investigated in relation to disease, there is a scarcity of data to evaluate these specific dietary patterns across populations. A better understanding of the contribution of (highly) processed foods to current diets across Europe will help to improve the design of future studies on the association between chronic diseases and dietary patterns rich in (highly) processed foods, and to formulate more targeted public health recommendations. The main objective of this study was to use a set of comparable, highly detailed dietary data to investigate the contribution of (highly) industrially processed foods to nutritional intakes and patterns in 27 middle-aged European population groups participating in the EPIC study.
Materials and methods

Study population
The population involved in this analysis comes from a calibration substudy nested in the European Prospective Investigation into Diet and Cancer (EPIC) study, a large cohort study undertaken in 23 centres in 10 countries: Denmark, France, Germany, Greece, Italy, Norway, Spain, Sweden, the Netherlands and the United Kingdom (Riboli et al., 2002; Bingham and Riboli, 2004) . The main rationale of the calibration study was to correct for measurement errors in baseline country-specific dietary measurements and to attenuate bias in relative risk estimates through the use of a common standardized 24-h dietary recall (24-HDR) computerized interview programme (EPIC-SOFT) (Kaaks et al., 1995; Slimani et al., 1999; Ferrari et al., 2008) . For the calibration study, a stratified random sample (36 994 participants, B8% of the total EPIC cohort) recorded a single 24-HDR with a trained interviewer between 1995 and 2000. Most of the EPIC participants were recruited from the general population, except in France (women state employees recruited from a local health insurance), in Turin and Ragusa in Italy and Spain (blood donors), Utrecht, the Netherlands and Florence, Italy (women participating in breast cancer screening), and a British cohort of vegans and ovo-lacto vegetarians (''health-conscious'' cohort, recruited from around the United Kingdom). In Norway, only women from the general population were recruited. The initial 23 EPIC administrative centres were redefined into 27 geographical regions relevant to the analysis of dietary consumption patterns (Slimani et al., 2002a) . In this paper, ''central'' (European) centres represent those located in Germany, the Netherlands and the United Kingdom, whereas southern centres are those in Greece, Italy, Spain and France, and northern centres are those in Sweden, Denmark and Norway. More details on the rationale and characteristics of the calibration study are provided elsewhere (Slimani et al., 2002a) .
After a systematic exclusion of individuals under the age of 35 or over 74 years, because of low participation in these age categories (n ¼ 960), a total of 36 034 individuals with 24-HDR data were finally included in this analysis. Approval for the study was obtained from the ethical review boards of the International Agency for Research on Cancer (Lyon, France) and the local EPIC collaborating centres. All participants provided written informed consent.
Dietary variables
Using the EPIC-SOFT computer programme, detailed, highly standardized dietary information was obtained through a single 24-HDR interview administered face-to-face in all centres (Slimani et al., 1999) , except in Norway where it was obtained by telephone interviews (Brustad et al., 2003) . Details on the rationale, structure and validity of EPIC-SOFT for between-population comparisons are reported elsewhere (Slimani et al., 2002b Al-Delaimy et al., 2005; Ferrari et al., 2009; Saadatian-Elahi et al., 2009) .
Food definition and classification of industrially processed foods. To investigate the consumption of highly industrially processed foods in EPIC, as opposed to non-and moderately processed foods, common definitions and reclassification of the reported EPIC-SOFT food items were specifically developed with the support of an internationally recognized food chemistry expert, Professor DAT Southgate (Greenfield and Southgate, 2003) . Each reported food was recoded according to its degree of processing and was classified into three main categories for which the food group-specific processes and examples are summarized in Table A1 of the Appendix.
Highly processed foods: Foods that have been industrially prepared, including those from bakeries and catering outlets, and which require no or minimal domestic preparation apart from heating and cooking (for example, bread, breakfast cereals, cheese, commercial sauces, canned foods including jams, commercial cakes, biscuits and sauces).
Moderately processed foods: This category includes two sets of foods. First, industrial and commercial foods involving relatively modest processing and consumed with no further cooking such as dried fruits, raw vacuum-packed or under controlled atmosphere foods (for example, salads), frozen basic foods, extra virgin olive oil, fruits and vegetables canned in water/brine or in own juice. Second, foods processed at home and prepared/cooked from raw or moderately processed foods (for example, vegetables, meat and fish cooked from raw fresh ingredients, or vacuumpacked, deep-frozen, canned in water/brine or in own juice).
Non-processed foods: Foods consumed raw without any further processing/preparation, except washing, cutting, peeling, squeezing (for example, fruits, non-processed nuts, vegetables, crustaceans, molluscs, fresh juices).
Foods with unknown process: Foods for which the processing involved is unknown, based on the information provided by the study subjects (for example, unknown preservation method for vegetables, milk, meat or information missing in homemade or commercially processed foods such as cakes and cream desserts). This category was relatively marginal, below 5% in most centres.
To increase comparability within and between centres, all the recoding and reclassification work was carried out at the food/ingredient level, after mixed recipes were broken down into ingredients. All the ingredients of 'industrial/ commercial' recipes were coded as industrially processed foods, whereas those of homemade recipes were coded depending on whether the ingredients used were raw, moderately or industrially processed. Cakes, biscuits, sauces and soups, treated as foods in EPIC-SOFT, were broken down a posteriori using broad estimations of the relative proportions of non-industrially versus industrially processed foods, when they were made at home. Water was excluded from the comparisons as it was not systematically recalled in all centres.
Nutrient databases. Nutrient intakes and derived patterns were calculated by means of standardized nutrient databases developed through the EPIC Nutrient DataBase (ENDB) project. The rationale and procedures used to improve between-country comparability of the 26 nutrients included in this analysis are described elsewhere (Slimani et al., 2007) .
Other lifestyle variables
The other lifestyle variables including education level, total physical activity and smoking history considered in this analysis were collected at baseline through standardized questionnaires and clinical examinations (Riboli et al., 2002) , and have been described for the calibration sample elsewhere (Slimani et al., 2002a) .
Data on age as well as body weight and height were selfreported by participants during the 24-HDR interview.
The mean time interval between these baseline questionnaire measures and the 24-HDR interview varied by country, from 1 day to 3 years later (Slimani et al., 2002a) .
Statistical methods
All analyses, unless otherwise specified, were performed after stratification by gender and centre, and ordered according to a geographical south-north gradient. Tables 1a and b provide the mean consumption of foods and beverages (g/day and standard error (s.e.)) by centre and their relative contribution as a percentage of the total diet according to their degree of food processing. Centre-specific mean intakes and their percentages were adjusted for age, height, weight and energy intake and weighted by season and day of 24-HDR to control for differences in sampling procedures. This was computed in a multivariate regression model (analysis of covariance-ANCOVA) and weighted using generalized linear models ('GENMOD' procedure in SAS software). The effect of other possible confounders (smoking status, physical activity, BMI and education level) on mean intakes of highly processed foods (g/day) and centre rankings was also examined, by comparing models with or without the variable of interest (data not shown). The R-square of the model and the partial R-square of the additional co-variable were calculated. Significance was assessed by means of the partial F-test.
The contribution of different types of food subgroups to the centre mean energy intake from highly processed foods was investigated first (Figures 1a and b) . Multi-dimensional graphic representations (Figures 2a-l) were then used to illustrate the percentage contribution of highly processed foods to the total centre mean intakes of 26 selected nutrients (including energy) after adjustment for gender, age, energy, height and weight and was weighted by season and weekday. Unless otherwise specified, the comparisons within or between centres are indicated in percentage points.
Results
Mean food and beverage consumption according to degree of food processing The mean total dietary consumption ranged from 1980 g/day and 1489 g/day (Greece) to 3601 g/day and 3176 g/day (Heidelberg, Germany) for men and women, respectively (Tables 1a-b). In comparison with Nordic and central regions, southern countries (Greece, Spain and Italy), and to a lesser extent France, reported much lower contributions of beverages (water excluded) to total dietary consumption. In Spain and Greece, women systematically reported a 4-7% higher contribution of foods to total intakes as compared with men, with an equivalent lower contribution of beverages. In the other centres, the gender difference was less than 4% (Tables 1a and b) .
There was a strong geographic gradient for the contribution of foodstuffs to total mean consumption of foods and beverages according to the degree of processing. In both men and women, the mean contribution of highly processed foods ranged from 35-43% in Murcia (Spain) and Ragusa (Italy) to B60% in the Netherlands, Sweden, Norway, Denmark and the UK general population. Moderately processed foods represented 20-25% of total food intake in Italy, the United Kingdom, the Netherlands, Germany, Granada (women, Spain), Sweden, Norway and Denmark. Slightly higher percentages (27-38%) were observed in Greece, France and in most Spanish centres. For men, the contribution of non-processed foods ranged from 11-14% of total intake in the UK general population, Sweden, Denmark and the Netherlands (Bilthoven), to 25-32% in several southern centres in Spain, Italy and Greece. In women, there was a similar trend, although in almost all centres they had a higher relative contribution of non-processed foods than men, up to 5-7% higher in Varese and Ragusa (Italy), Granada (Spain), the UK general population, Germany, Sweden and Denmark.
Beverage consumption (excluding water) consisted almost exclusively of highly processed commercial beverages (for example, alcoholic beverages, tea and coffee), with values above 85% in most centres and higher values in men than in women, by up to 11-13% in Granada (Spain) and Greece. The contribution of non-processed beverages (for example, Highly industrially processed foods in EPIC N Slimani et al
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Main food sources of energy intake from highly processed foods Energy intake was selected as the most relevant nutritional indicator for assessing the contribution of highly processed foods to the overall diet, taking into account both food and Highly industrially processed foods in EPIC N Slimani et al
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European Journal of Clinical Nutrition relatively staple/basic foods (for example, bread, pasta, rice, milk, vegetable oils) (Figure 1a ) versus other more highly processed foods (for example, cakes, biscuits, breakfast cereals, crisp bread, confectionery, processed meat and fish, milk beverages, yoghurt, cheese, cream desserts, margarines and other hardened fats and alcoholic beverages) (Figure 1b) . It seemed that B31-45% of the mean energy intake in the southern centres (Greece, Spain, Italy) was provided by Nordic and central European centres. In the UK (general population), Germany, the Netherlands, Sweden, Denmark and Norway (Figure 2e -j), highly processed foods provided less than 50% of total intake for only two nutrients: b-carotene (34-46%) and vitamin C (28-36%). For all other nutrients and energy, highly processed foods provided between 50 and 99% of intake. A large proportion (76-79%) of the intake of energy, fat and carbohydrate components, magnesium, phosphorus, potassium, calcium, retinol and alcohol was provided by highly processed foods, and a moderate proportion for vitamin B6 (50-55%), dietary fibre (53-66%), potassium (57-62%), vitamin B1 (58-68%), cholesterol (58-69%), iron (60-70%) and protein (62-68%). Greater variability was observed among the Nordic and central European centres for vitamin D (62-80%) and vitamin E (62-78%). There were virtually no differences in the overall nutrient patterns (p3% for most nutrients) between centres within Denmark, Sweden or Norway (Figures 2h-j) . More notable between-centre differences (3-9%) were observed for certain nutrients in the Netherlands (for example, simple sugars, fibre, vitamin E, vitamin B12 and b-carotene) and in Germany (for example, b-carotene, vitamin D, vitamin B12 and cholesterol). For the United Kingdom, the healthconscious group and the general population sample had a similar contribution of highly processed foods for a number of nutrients such as total fat, fatty acids and phosphorus (centre difference p1%), and for energy, starch, fibre, iron, magnesium, alcohol, retinol, b-carotene and most B-vitamins (centre difference 2-5%). Differences were greater between these two British population groups for vitamin B2 (6%), potassium (7%), vitamin C (8%), calcium and carbohydrates (10%) and sugar (16%), with higher contributions from highly processed foods in the general population sample, whereas for protein (6%), vitamin D (11%) and cholesterol (20%), the proportion of intake was higher for the health-conscious group.
When considered together, the overall contribution of highly processed foods to mean nutrient intakes showed similar overlapping shapes among all Nordic and central European countries (Figure 2k ).
Southern European centres.
In contrast to Nordic and central European countries, southern centres in Spain, Italy, Greece and, to a lesser extent, France showed different nutrient patterns and greater variability within and between countries (Figures 2a-d and l) . Overall, we observed a much lower contribution to the mean nutrient intake from highly processed foods, particularly in Spain and Italy, and for vitamin C (3-24%), b-carotene (14-27%), vitamin B6 (26-43%), iron (29-47%), fibre (28-53%), cholesterol (26-60%) and potassium (26-60%).
For energy, highly processed foods contributed 61-65% in all Spanish centres and Ragusa (Italy) and 72-74% in the French regions and Greece. For macronutrients, alcohol came essentially from highly processed foods (94-98%), whereas greater variability within and between countries was reported for the other macronutrients. For protein, the range varied from 38% (San-Sebastian, Spain) to 61% (Naples, Italy). For total fat (53-86%) and fat subtypes (48-89%), the contribution of highly processed foods varied widely across southern countries, with values in Greece (81-89%) similar to those reported in Nordic and central European centres. However, highly processed foods contributed much less to cholesterol intakes, with values ranging from 26% (San Sebastian, Spain) to 60% (Varese, Italy). In contrast to iron (35-56%) and potassium (29-47%), larger contributions from highly processed foods were observed for calcium (58-79%), magnesium (43-67%) and phosphorus (43-64%), although they were still significantly lower than those reported in Northern and Central Europe. Retinol (54-86%), vitamin D (39-67%) and vitamin B1, B2 and B12 (36-68%) showed greater contributions from highly processed foods and greater variability across southern countries, as compared with vitamin C (3-24%), b-carotene (14-27%) and vitamin B6 (26-43%). In contrast to Nordic and central centres (Figure 2k ), nutrient patterns in southern countries do not overlap, but show distinct local dietary habits and greater heterogeneity in the contribution of highly processed foods within and between countries (Figure 2l ).
Gender differences. When men and women were considered together, the P-value of the interaction between gender and the contribution of highly processed foods to centre mean intakes was statistically significant for energy and all nutrients except thiamine. In most cases, these gender differences did not exceed 10%. For fibre and b-carotene, for example, women had statistically lower contributions from highly processed foods than did men in most centres, with differences of 2-9% for fibre and 1-13% for b-carotene.
Influence of covariates
The influence of possible confounders (smoking status, physical activity and education level) on centre rankings and mean intakes of highly processed foods (g/day) was also examined by comparing the baseline model (adjusted for age, energy, height, weight, weekdays, seasons) with and without variables of interest. For BMI, the effect was estimated using a model without height and weight to remove the dependence between these co-variables. In men, level of education, physical activity, BMI and smoking, each considered separately, had no effect on the centre mean intakes of highly processed foods (o1%) and ranking, and could not explain the total variability in the mean intake of highly processed foods. In women, smoking and physical activity had a higher impact on centre ranking, although the effect on centre mean intakes of highly processed foods was relatively modest for smoking (up to 2-3% in the Spanish centres) and for physical activity (p1%).
Discussion
The main objective of our analysis was to investigate how highly industrially processed foods actually contribute to overall diet and nutrient intakes in middle-aged European populations, using a unique dataset of detailed, standardized 24-HDR measurements. This study showed that highly industrially processed foods dominate the diets and particularly nutrient patterns in Nordic and central European countries, whereas non-processed and highly processed staple foods contribute more to the dietary and nutrient intakes in southern countries.
For this study, we devoted much effort to developing ad hoc common definitions and food classifications of processed foods to enable dietary comparisons across the 27 centres participating in the EPIC study. In this detailed descriptive analysis, the definitions and terminology used for highly industrially processed foods, as opposed to raw or moderately processed foods, were conservative and independent of any a priori knowledge of diet-disease associations. Only the food processes involved and criteria used to discriminate between the different degrees of food processing were considered. For example, staples such as cereal-based foods (for example, bread, pasta, white rice), milk and vegetable oils that undergo relatively complex food processing are included among the highly processed foods, although their consumption tends to be inversely associated with several chronic diseases Mann, 2007; van Dam and Seidell, 2007) .
This study shows that in middle-aged populations from Nordic and central European regions, highly processed foods provide less than 50% of total intake of only two of the nutrients considered in the analysis (vitamin C and b-carotene), whereas the figures range from 50 to 91% for the others (excluding alcohol). Surprisingly, despite large differences in the qualitative and quantitative dietary patterns reported elsewhere in the same populations (Slimani et al., 2002b) , highly industrially processed foods contribute in relatively similar proportions within and between the Nordic and central European countries for a large series of nutrients, including energy. Greater variability was reported in southern centres, with women in France showing contributions in between southern and Nordic/central regions. Furthermore, when considering the qualitative types of highly processed foods, we observed that B31-45% of total energy intake in Greece, Spain and Italy comes from basic or staple foods (for example, bread, pasta/rice, milk, vegetable oils). Similar results have been reported elsewhere (Karamanos et al., 2002; Tur et al., 2004; Garcia-Closas et al., 2006) . This suggests that staple foods still make important contributions to the diet in these countries, although dietary patterns are observed to be changing, with a move away from traditional to commercial foods, particularly among younger generations (Cruz, 2000; Parizkova, 2000) . In contrast, (variants of) the so-called 'Western' dietary patterns, characterized by a diet rich in (saturated) fats, red meat, sugary desserts and refined grains and low in fresh fruits and vegetables, poultry and/or fish, were clearly established in Nordic and central European countries, with relatively modest contributions to total energy intake from highly processed staple foods (21-29%) and non-processed foods. In Umeå (Sweden), for example, more highly processed foods such as crispbread, breakfast cereals, cakes, biscuits, margarine, dairy products excluding milk, processed meats, alcoholic drinks and soft drinks comprise up to 56% of total energy intakes.
Currently, insufficient specifically designed epidemiological and intervention studies have been carried out to draw firm conclusions on the effects of industrially processed foods on disease risk. Increasingly, however, direct and indirect evidence points to adverse effects of industrially processed foods on the pandemic of obesity (Swinburn et al., 2004; Astrup et al., 2008) and of various chronic diseases such as type II diabetes (van Dam et al., 2002) , cardiovascular disease (Hu et al., 2000; Fung et al., 2004) and cancer (Kesse et al., 2006; Ambrosini et al., 2008; Campbell et al., 2008; Chajes et al., 2008) . Of particular concern are specific features of highly processed foods such as the fact that they are high in energy, fats, sugar and salt and poor in dietary fibre (Astrup et al., 2008) , that other compounds may be added or generated during food processing (for example, colourants, additives, acrylamide, trans-fatty acids) (Dybing et al., 2005; Astrup et al., 2008; McCarthy et al., 2008) and that they are usually consumed in large portion sizes (Matthiesen et al., 2003) . Trans-fatty acid formation, for example, results from industrial partial hydrogenation of vegetable oils (hardened vegetable oils) (Sommerfeld, 1983) . These partially hydrogenated oils are consumed in margarine, fast foods and highly processed foods (cakes, rolls, confectionery, biscuits, chocolate, potato crips and chips) and have been associated with different chronic diseases (Mozaffarian et al., 2006; Chajes et al., 2008) . Many processed foods, including foods from major companies, still contain high levels of industrially produced trans-fatty acids, despite efforts to reduce them (Aro et al., 1998; McCarthy et al., 2008) . A cross-sectional study on plasma fatty acid levels among a sub-sample of our study population (N ¼ 3003) shows a high correlation (r ¼ 0.72, Po0.01) between margarines and elaidic acid (trans 18:1 n-9), a specific biomarker of hardened fats and their related industrial foodstuffs (Saadatian-Elahi et al., 2009) . Higher levels of plasma elaidic acid were observed in northern and central than in southern regions, which is compatible with the geographical differences in the consumption of highly processed foods reported in our analysis.
More research is required to understand the effects of industrially processed foods on health. Furthermore, rapid dietary changes and the massive introduction of industrial foods to diet raise questions on how to measure and monitor them properly. These include the following:
(1) The shortcomings of dietary assessment methods used so far in nutritional studies. There is cumulating methodological evidence that traditional food frequency questionnaires used in nutritional epidemiology have several limitations for measuring current dietary exposure and its association with diseases compared with open-ended methods such as repeated food records and recalls Kristal et al., 2005) . New approaches that use a combination of dietary assessment techniques, including specific biomarkers and calibration, are increasingly recommended for estimating dietary exposures (Kaaks et al., 1997; Subar et al., 2006 , Ferrari et al., 2008 .
(2) The difficulty in obtaining reliable information from the food industry on the composition of foodstuffs, including commercial recipes, new products such as food supplements and functional foods, is currently a major limitation for estimating and monitoring the consumption of processed foods and their association with diseases.
(3) Subsequently, and despite important efforts to consolidate existing data and generate new data on commercial foods (www.eurofir.net), current food composition tables are inadequate for accurately measuring the levels of exposure to industrially processed foodstuffs or to bioactive components added or generated during food processing (for example, hardened and other fats, trans-fatty acids, acrylamide, colourants and additives). However, although imprecise, nutrient databases remain essential for identifying the main sources of food components of interest and providing relevant public health recommendations. The increasing use of specific biomarkers of industrial food exposures (for example, to trans-fatty acids, acrylamide, colourants, etc. for example) should be privileged and further investigated in addition to, or as a substitute for, dietary exposure measurements.
(4) The lack of specifically designed epidemiological studies to investigate the role of food processing-broadly defined as including all the processes involved in transforming basic ingredients into manufactured foods and beverages (production, processing and preservation methods)-in the development of chronic diseases. The limited evidence from epidemiological studies was the main reason provided recently by a World Cancer Research Fund panel for not drawing firm conclusions on the relation between food processing and cancer (WCRF/AICR, 2007) . Only certain specific domestic or industrial food processing methods (for example, processed meat preserved by smoking, curing, salting or addition of chemicals, Cantonese-style salted preserved fish, frying/grilling, barbecuing and refining), known to be associated with certain cancers, were reported. More specific targeted studies on processed foods should be promoted. This research should also include gene-gene and gene-environment interaction studies, as different hypotheses suggest that a possible explanation for the epidemic of chronic diseases is the inability of humans to adapt genetically to the major recent changes in diet (Eaton and Konner, 1985; Baschetti, 1998; Cordain et al., 2005; Ulijaszek, 2007) .
In conclusion, this study shows that highly industrially processed foods dominate diets and nutrient patterns in Nordic and central European countries. The wider range in the consumption of highly processed foods observed in southern countries and the greater contribution of non-or moderately processed staple foods may reflect changes in dietary patterns moving from traditional to more industrialized diets. However, our study, conducted from 1995 to 2000 in middle-aged populations, most likely underestimates the current situation in strictly representative populations, particularly among younger and poorer, more vulnerable populations. In view of the high consumption of industrialized foods in western European populations, the quality of these foods, particularly in terms of possibly harmful components, should be better monitored and evaluated through concerted actions between policy makers, public health actors, scientists and the food industry. To make the EPIC-Soft 24-h dietary recall data comparable across centres, it was decided to break down all the recipes and compare them at the food and ingredient level. Foods and ingredients of recipes were then classified in three main categories depending on the type of processing undergone, as described in the table shown above. b The term 'foods' refers both to foods and to ingredients broken down from recipes. This includes food processed (cooked) at home, in restaurants and in cafeterias. d Recipes were broken down into their ingredients for analysis at the ingredient level, so a homemade cake may end up as 80% 'highly processed industrial/commercial' and 20% 'moderately processed' (egg) ingredients, and a commercial cake will be treated as 100% 'highly processed industrial/commercial' ingredients. The drying process may be considered as moderate, close to the natural process, for some foods such as raisins, legumes, green tea, walnut, parsley, or considered as high for potatoes or when combined with salting, canning in oil, etc.
e Water was coded but not included in this analysis.
